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Observing transiting exoplanets with the 
MicroObservatory: 43 new transit light curves of 
the hot Jupiter HAT-P-32b 
Martin J F Fowler, Frank F. Sienkiewicz, Robert T. Zellem and Mary E. Dussault 
Observations of 43 complete transits of the hot Jupiter exoplanet HAT-P-32b using the MicroObservatory 0.15-m robotic 
telescope network covering a period of 7 years are presented. Compared with the most recent ephemeris for the sys-
tem, the precision of the mid-transit times yielded a root-mean-square value from the predicted model of 3.0 min. The 
estimated system parameters based on EXOFAST modelling are broadly consistent with those of the default parameter 
values listed in the NASA Exoplanet Archive. An updated orbital period of 2.15000815 ± 0.00000013 d and ephemeris of 
2458881.71392 ± 0.00027 BJDTDB is consistent with recent studies of the system using larger telescopes. Using this 
updated ephemeris, the predicted mid-transit time for a notional observation of HAT-P-32b by the NASA JWST mission 
in mid-2021 is improved by 1.4 min compared with the discovery ephemeris and is ~8 times more precise. Likewise, the 
mid-transit time for an observation by the ESA ARIEL mission in 2020 is improved by 1.7 min. Thus, observations of 
transiting exoplanets by MicroObservatory and other users of small telescopes can contribute to the maintenance of the 
ephemerides of targets for future space-based telescope missions. We also note that one of the HAT-P-32 field stars is 
a δ Scuti pulsating variable and that characterization using the same observations as this study further demonstrates the 
utility of MicroObservatory for the observation of stellar variability, whilst simultaneously observing transiting exoplanets 
for ephemeris maintenance. 
Introduction 
 
Over two decades on from the discovery of the first 
planet orbiting a main-sequence star other than our 
own Sun,1 the number of confirmed exoplanets in 
the NASA Exoplanet Archive as of  2020 May 21 
was 4,158 with a similar number of candidates 
awaiting confirmation.2,3 The diversity of such 
worlds span a much wider range of physical 
conditions than those in our solar system and form 
a continuum from gas giants composed mostly of 
hydrogen, to smaller ocean planets where water 
may provide most of their mass, to rock-iron 
terrestrial worlds in some ways similar to the 
Earth.4 One particular group of exoplanets which 
have no solar system counterparts are known as the 
‘hot Jupiters’. These planets have masses 
comparable to, or greater than, Jupiter but orbit 
very close to their primary star (e.g. within 0.1 
AU). Exoplanets appear to be ubiquitous and it is 
estimated that for the stars that have been searched 
most thoroughly, i.e. main-sequence dwarfs with 
masses 0.5-1.0 solar masses (M

), the probability that 
a random star has a planet is of the order of unity.5 
 Under the fortuitous condition when the orbital 
plane of a planetary system is coincident with the line 
of sight of the observer, exoplanets can be observed to 
transit their host star leading to a periodic slight 
dimming of the star.6 Known as the transit method, 
this technique has been used to great effect by ground-
based observatories such as the Hungarian-made 
Automated Telescope Network (HATNet) 7 and the 
Wide Angle Search for Planets (WASP) 8, as well as 
the space-based missions CoRoT, Kepler and, 
currently, the Transiting Exoplanet Survey Satellite 
(TESS).9 To date, Kepler has been responsible for the 
discovery of most of the known exoplanets 10 and 
TESS is predicted to discover >10,000 new transiting 
exoplanets.11 
 Relatively modest equipment such as a 0.25m 
Schmidt-Cassegrain telescope on an equatorial mount 
can be used by amateur astronomers to yield high-
precision transit light curves of hot Jupiter 
exoplanets.12 The Exoplanet Transit Database (ETD) 
run by the Czech Astronomical Society 13 currently 
includes data on >9,500 transits of over 350 different 
exoplanets, the majority of which have been made by 
amateur observers. Amateur data from the ETD and 
other sources have been used to investigate transit 
timing variations 14,15 and the refinement of the 
ephemerides of transiting exoplanets with high timing 
uncertainties.16 Indeed, observations of transiting 
exoplanets by amateurs and other users of small 
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telescopes (≤ 1m), have an important role to play in 
the maintenance of the ephemerides of targets for 
future space-based telescope missions that will 
investigate exoplanets.17,18 These missions include 
the NASA James Webb Space Telescope (JWST, 
2021 launch), the ESA ARIEL mission (2028 
launch), and an Astro2020 Decadal mission (~2030 
launch). Without follow-up by ground-based 
observations, the ephemerides of many of these 
targets would become stale by the time the 
missions are flown, leading to the prospect of 
inefficient use of valuable telescope time because 
of the uncertainty of the timing of transits. To this 
end, projects such as NASA Exoplanet Watch 17,19 
and ARIEL ExoClock,20,21 both of which are open 
to amateur observers and other users of small 
telescopes, have been established to monitor 
transiting exoplanets in order to keep their 
ephemerides up to date. 
 Observations of transiting exoplanets also 
form the basis of the Laboratory for the Study of 
Exoplanets (ExoLab), an online teaching resource 
that is operated by the Science Education 
Department at the Center for Astrophysics | 
Harvard & Smithsonian.22,23 Developed with 
funding from the U.S. National Science 
Foundation, and aimed at high-school classrooms 
in Physics, Astronomy and Earth Science, ExoLab 
uses the 6-inch (152mm) telescopes of the 
MicroObservatory robotic telescope network to 
enable students to detect and analyse the transits of 
known exoplanets using rudimentary online 
photometry and modelling tools. Since 2009, 
MicroObservatory has taken >3500 transit datasets 
to serve science students and interested exoplanet 
observers.  
 Complementing ExoLab, the ‘DIY Planet 
Search’ website – a project of NASA’s Universe of 
Learning 24,25 – is a public engagement tool that 
uses the same image data as ExoLab and allows 
anyone to investigate the transit method. Whilst a 
similar online photometry tool is provided on the 
website, the images can be downloaded as FITS 
files for offline reduction and analysis.26 
Importantly, these are all new observations and 
over the course of a year many observations are 
made of around 30 known exoplanets. 
 One of the targets regularly observed by DIY 
Planet Search is the V = 11.3 magnitude late-F-
early-G dwarf star GSC 3281-00800 (=HAT-P-32) 
which is orbited by the exoplanet HAT-P-32b. 
Discovered by the HATNet in 2004 and confirmed 
some 7 years later, HAT-P-32b was initially found 
to have a mass of ~0.86 MJ, radius of ~1.789 RJ, 
transit depth of the order of 20 mmag and an orbital 
period, P, of ~2.15 d.27 The mass and radius 
estimates were subsequently refined to 0.68 MJ and 
1.98 RJ respectively.
28 The planet's dayside 
temperature has been measured by Zhao et al.29 to be 
Teq = 2042 ±50 K and its optical transmission 
spectrum shows little variation suggesting a high 
altitude cloud layer masking any atmospheric 
features.30–33 Seeliger et al.34 have shown from transit 
timing analysis that the HAT-P-32 system does not 
exhibit transit timing variations (TTVs), arising from 
additional unknown bodies, of more than ~1.5 min, 
making it a good target to evaluate the accuracy and 
suitability of MicroObservatory observations for 
exoplanet research. 
 In this paper, we present observations of 43 
transits of exoplanet HAT-P-32b by the 
MicroObservatory robotic telescope together with 
estimates of the parameters of the system based on the 
analysis of combined transit light curves, and an 
updated ephemeris. 
 
Table 1 Journal of observations for 43 new 
light curves of HAT-P-32 b transits 
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Observations 
 
Between 2013 and 2020, 43 complete transits by 
HAT-P-32b were successfully observed by the 
MicroObservatory robotic telescopes (Table 1). 
During this period, observations of a further 40 
transits were attempted of which 11 provided 
partial transits and the remainder were unsuccessful 
either because of: technical issues (10); poor 
weather (14); or very noisy transits that could not 
be analysed successfully (5). Overall, the success 
rate of observing complete HAT-P-32b transits was 
~52%. 
 Except for the observations of 2014 Oct 04 
which were made using the MicroObservatory 
telescope Donald, all the observations were made 
with telescope Cecilia.35 Located at the 
Smithsonian's Fred Lawrence Whipple 
Observatory (FLWO) in Amado, Arizona, USA, 
the MicroObservatory telescopes are an original 
Maksutov design, with a 6-inch [152 mm] spherical 
primary mirror and a focal length of 560 mm.22 A 
Kodak KAF-1402ME CCD sensor produces 
images covering a field of view of 0.96° by 0.75° 
with a nominal plate scale of 5.21 arcsec/pixel (2x2 
binning). For each observation run, we obtained 
unfiltered 60 sec exposure science FITS images 
with a 3-min cadence from approximately 1 hour 
before and 1 hour after the predicted start/end of 
the transit, giving approximately 100 images per 
run. The headers of the FITS images were time-
stamped with the start of exposure based on a local 
precise time server at the FLWO and are accurate 
to the nearest sec. 
 In addition to the science images, two dark-field 
images were collected on each run. Whilst Flat Field 
(FF) images were not available, for the 2016 runs 
which were particularly noisy with dust motes, a 
master pseudo FF was prepared from 9 images of the 
exoplanet target WASP-52 that were obtained on an 
overcast moonlit night. This pseudo FF offset to some 
extent the effect of the 'wandering' of the target and 
comparison stars across the sensor throughout the 
sequence of images, although this remains a 
significant source of noise in the datasets. A 
representative science image showing the HAT-P-32 
field is shown in Figure 1. 
 
Data reduction and analysis pipeline 
 
We developed a partially automated Micro-
Observatory Exoplanet Observation Workflow 
pipeline (MEOW Version 1.0) for the reduction and 
analysis of the DIY Planet Search images. For each set 
of observations, the science images, together with a 
dark-field image and, where available, the pseudo FF 
image were imported into MuniWin (v 2.1.24 (x64)) 36 
for automated differential aperture photometry using 
an ensemble up to 8 comparison stars as shown in 
Figure 1 and detailed in Table 1. The measuring 
aperture was typically 3 pixels in radius and the 
background sky was measured using a concentric 
aperture of 2 pixels with a gap of 1 pixel between the 
two apertures. We then saved the photometry output 
from MuniWin (Julian Date (JDUTC) of mid 
observation, V-C magnitude, error), together with the 
airmass, as text files and uploaded the photometry 
output to the ETD to gain an initial indication of the 
Figure 1. (A). Representative unfiltered full frame MicroObservatory image of the HAT-P-32 field acquired on 2020 Jan 18. (B). 
Enlargement showing the comparison stars used for aperture photometry (identified as C1 through C13). 
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quality of the transit (Level 1 analysis). 
 For more detailed analysis, we imported the 
text file outputs from MuniWin into a custom 
Microsoft Excel spreadsheet for conversion into a 
format suitable for use with the EXOFAST transit 
fitting model developed by Eastman et al.37 For 
this higher fidelity Level 2 analysis, the V-C 
magnitudes were converted to relative fluxes and 
the time converted from JDUTC to Barycentric 
Julian Date in Barycentric Dynamical Time 
(BJDTDB) using the online utility developed by 
Eastman et al.38  For each data point, a linear de-
trend parameter was calculated based on the slope 
of the pre- and post-transit data points as identified 
from the Level 1 analysis, and the fluxes 
normalized to an out of transit value of ~1. We 
then prepared an 'output' text file comprising: 
BJDTDB, normalized flux, flux error, linear de-trend 
parameter and airmass. This file was then used as 
the photometry input to the EXOFAST transit 
fitting model. A full demonstration of the use of 
MuniWin software with MicroObservatory 
exoplanet image data is available on YouTube.39 
 
Transit fitting modelling 
 
EXOFAST has become an important tool for 
astronomers who want to use transit light curves or 
radial velocity data, or both, together with various 
inputs to create models of planetary systems. 
Originally requiring the use of the proprietary 
software language IDL, the NASA Exoplanet 
Archive has recently integrated the same IDL-
based calculations as the original into its suite of 
web resources.3 The software implements the light 
curve models of Mandel & Agol 40 and a 
differential evolution Markov Chain Monte Carlo 
(MCMC) method 41,42 to estimate and characterize 
parameters and uncertainty distributions.43 The 
Exoplanet Archive website provides enough back-
end computing resources to enable the MCMC 
analysis of observed transit light curves and thus 
relieves the user of the need to run this high-
fidelity model locally. 
 We uploaded individual output photometry 
files from the MEOW pipeline to EXOFAST and 
the default parameter set for HAT-P-32b required 
for the model was ‘pulled’ from the Exoplanet 
Archive. The various prior values of the required 
parameters, hereafter termed ‘priors’, together with 
their widths (uncertainties) are given in Table 2. 
These priors represent the default parameter values 
for the system in late 2016 and whilst they have 
been updated since then they have been used in the 
analysis to maintain continuity across the 
observation datasets. Limb-darkening coefficients 
were automatically calculated by EXOFAST for each 
run. Except for the run using combined transits 
covering multiple epochs, a mid-transit (TC) prior was 
not specified since for transit-only fits the mean of the 
input times is used by the model as the prior when no 
midpoint is specified. 
 With transit-only fits, the light curve data alone 
provides very little constraint on the eccentricity and 
longitude of periastron, both of which are required for 
the model, but these parameters appreciably affect the 
derived physical parameters. Accordingly, we forced a 
circular orbit for the transit fits as recommended by 
the EXOFAST documentation. Such an orbit is 
consistent with the near-circular orbit solution of Zhao 
et al.,29 although others have derived eccentricities in 
the range, 0.10-0.22.27,28  
 Since EXOFAST does not include a generic 
‘clear’ filter for the modelling of transit light curves, 
we chose the CoRoT band as it approximates to the 
Table 2  HAT-P-32 b Prior value and width in-
puts for EXOFAST modelling 
Figure 2. Representative transit light curve for HAT-P-32b for 
observations of 2019 Dec 06 (Epoch 1375) together with the 
modelled transit fit using EXOFAST. 
5 
Figure 3. Transit light curves and EXOFAST model fits for 43 transits of HAT-P-32b observed by MicroObservatory (figure con-
tinued next page). The three transits exhibiting TC O-C values in excess of ± 6 min are annotated with a triangle (▲) after the trans-
it date. Likewise, the top 20 transits used to determine the HAT-P-32b system parameters are annotated with a heart (♥).  
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‘clear’ filter used for the MicroObservatory 
images.44 
 MCMC fits were successfully run on 28 of 
the 43 transit light curves. The failure of the 
remaining 15 transits were mainly because of the 
presence of NaNs (‘not a number’) that caused the 
EXOFAST_PLOTDIST routine to halt and no 
output to be produced. Unfortunately, this error 
could not be addressed because of the reduced 
input parameters of the flavour of EXOFAST run 
on the Exoplanet Archive website compared with 
the full offline version. For these transits, Chi-
squared (Chi2) fits were successfully made using 
the model, although it should be noted that the 
uncertainties of the derived parameters from these 
fits are analytical approximations rather than the 
more accurate statistical estimations determined by 
the MCMC fits.45 
 
Analysis of transit light curves 
 
A representative model fit and residuals to the 
observed light curve of the transit of HAT-P-32b 
observed on 2019 Dec 06 (Epoch 1375) is shown 
in Figure 2. All 43 light curves together with their 
respective modelled transit curves are shown in 
Figure 3. The light curves show well-defined 
transits, albeit with varying degrees of scatter 
around the transit curves. Key derived parameters 
including median times of mid-transit (TC), total 
duration (1st to 4th contact, T14) and transit depth are 
tabulated in Table 3 for each transit. 
 
Figure 3. Continued. 
Figure 4. Observed minus calculated (O-C) mid-transit (TC) 
residuals for the 43 observed transits of HAT-P-32b together with 
a histogram showing the distribution of the individual values. 
The TC residuals were calculated using the ephemeris of Wang et 
al (2019).  
Mid-transit times 
 
Wang et al.28 have recently refined the linear 
ephemeris of the HAT-P-32b system to be 
 
TC(N) = 2455867.402743 (49) + N • 2.15000820 (13) 
 
where N represents the number of orbital cycles 
(epochs) since the reference epoch (given in BJDTDB) 
and the bracketed quantities represent the uncertainty 
in the final two digits of the preceding number. 
 A plot of the observed-minus-calculated (O-C) 
values for TC based on this ephemeris is shown in 
Figure 4. The mean of O-C values is -0.3 ±3.0 min 
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Table 3 Derived parameters and 68% Confidence Intervals for 43 HAT-P-32 b transits  
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and the scatter of all the mid-transit times has a 
Root Mean Square (RMS) of 3.0 min. The reduced 
chi-squared statistic (χ2ν) is 1.02 with 42 degrees of 
freedom indicating that the observed mid-transit 
times agree with the calculated times at the one-
sigma level. 
 Three of the transits have TC O-C values that 
are in excess of ± 6 min. The transit of 2013 Oct 09 
(Epoch 329) has a TC that is 6.1 min late, whereas 
the transits of 2018 Nov 29 (Epoch 1202) and 2019 
Jan 11 (Epoch 1222) are respectively 10.1 and 7. 8 
min early. Whilst these could reflect TTVs due to 
another unknown body in the system, the transit 
light curves for these sets of observations are 
relatively noisy (as highlighted in Figure 3) and in 
the latter two cases the transits are somewhat 
poorly defined suggesting that they are likely to be 
artefacts rather than actual TTVs. 
 
Transit duration 
 
A histogram of the total transit durations (1st to 4th 
contact, T14) of the 43 observed transits is shown in 
Figure 5. The weighted mean transit duration is 
189.1 ±12 min and compares well with the estimate 
of Wang et al. of 187.2 ±0.8, although the error of 
the MicroObservatory observations is over an order 
of magnitude greater and reflects the greater noise 
of the transit observations. 
 
Transit depth 
 
Likewise, a histogram of the transit depth of the 43 
observed transits is shown in Figure 6. The weighted 
mean transit depth is 2.28 ±0.45% and is comparable 
to the depth of 2.216 ±0.017% reported by Wang et al. 
who used a red filter for their observations rather than 
the unfiltered observations used in this study. 
 
Estimating the HAT-P-32b system parameters 
 
We estimated the HAT-P-32b system parameters from 
the current observations by running the combined 
photometry from the top 20 transits, as determined by 
their individual RMS residuals, in EXOFAST. Priors 
and widths were as before but in this case a TC prior of 
2457692.7597 ±0.0020 BJDTDB was used as this 
equates to the predicted TC for the median transit of 
the set (2016 October 31, Epoch 849) based on the 
above ephemeris of Wang et al.. 
 The resulting combined transit light curve of the 
1952 data points is shown in Figure 7 with the median 
values and 68% confidence intervals for the system 
parameters given in Table 4. As can be seen, the 
estimated system parameters are broadly consistent 
with those of Wang et al. which were the default 
parameter values listed in the NASA Exoplanet 
Archive for the HAT-P-32b system at the time of 
writing. 
 
Calculating an updated ephemeris 
 
Using the derived mid-transit times and uncertainties 
for our 43 observed transits of HAT-P-32b, we can 
calculate an updated ephemeris to predict future transit 
events more accurately. To illustrate the power of 
Figure 5. Distribution of transit durations (1st to 4th contact, 
T14) for the 43 observed transits of HAT-P-32 b. 
Figure 6. Distribution of transit depths for the 43 observed 
transits of HAT-P-32 b 
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follow-up observations to refine the original 
ephemeris, we use the original discovery ephemeris 
of Hartman et al.27 as priors for the system and 
solve for HAT-P-32b’s orbital period and 
ephemeris with a MCMC fit 41 to our 
MicroObservatory results following the procedure 
explained, for example, in detail in Zellem et al..18 
From this we find an orbital period of 2.15000711 
± 0.00000057 d and ephemeris of 2458881.71327 
± 0.00044 BJDTDB. Likewise, to illustrate the value 
of follow-up observations even with existing high-
precision data, we use the default parameter values 
in the NASA Exoplanet Archive (i.e. Wang et al.28) 
as priors to the MCMC fit to find an orbital period 
of 2.15000815 ± 0.00000013 d and ephemeris of 
2458881.71392 ± 0.00027 BJDTDB. 
 Taking these updated ephemerides and 
propagating the errors forward as described in 
Zellem et al.18, we can estimate the TC for a NASA 
JWST mission in mid-2021. When we use the 
discovery ephemeris as priors to the MCMC fit, we 
calculate the TC of a notional transit of HAT-P-32b 
on 2021 May 30 to be like that using the discovery 
ephemeris alone (Figure 8A). However, it is ~4 
times more precise and thus shows the benefit of 
the follow-up observations to refine the precision 
of the original ephemeris. When we use the NASA 
Exoplanet Archive ephemeris as the priors to the 
MCMC fit, the calculated TC is 1.4 min later and 
~8 times more precise than that calculated using 
the discovery ephemeris, which at that time would 
be over 13 years old. Indeed, this estimate is only 
slightly less accurate and 0.5 min earlier than that 
calculated using the ephemeris given in the NASA 
Exoplanet Archive and shows the value of follow-
up observations even with existing high-precision 
data. 
 In the case of an ESA ARIEL mission in 
2028, we find that the shorter orbital period 
determined by the MCMC fit using the discovery 
ephemeris as priors gives an estimated TC that is 1.3 
min earlier than that using the discovery ephemeris 
alone. However, when we use the MCMC fit with the 
NASA Exoplanet Archive ephemeris as the prior, we 
find a TC that is consistent with that obtained using the 
NASA Exoplanet Archive and 1.7 min later than that 
predicted using the discovery ephemeris (Figure 8B). 
 On this basis, we propose an updated ephemeris 
of the HAT-P-32b system of 
 
TC(N) = 2458881.71392 (27) + N • 2.15000815 (13) 
 
where, again, the bracketed quantities represent the 
uncertainty in the final two digits of the preceding 
number. Whilst there is a small difference in the 
period compared with that determined using the 
EXOFAST analysis of the top 20 transit curves (see 
Table 4), it is nevertheless contained within the larger 
uncertainty of the EXOFAST estimate. 
 
Discussion and conclusions 
 
In this work we have presented 43 complete transit 
light curves of the hot Jupiter HAT-P-32b acquired by 
the MicroObservatory robotic telescope network. 
Compared with the most recent estimate of the 
ephemeris of the system by Wang et al., the mean of 
the TC O-C values is -0.3 ±3.0 min and the scatter of 
all the mid-transit times has a RMS of 3.0 min, which 
is similar to the nominal cadence of the observations. 
Although three of the transits show TC O-C values that 
are greater than ±6 min, the transit light curves are 
quite noisy with two of the transits being somewhat 
poorly defined. Since Seeliger et al.34 have shown that 
transit timing analysis of the HAT-P-32 system 
excludes TTVs of more than ~1.5 min, these outlier 
points on the O-C plot are considered to be artefacts 
rather than actual TTVs. 
 The mean total transit duration (T14) and transit 
depth are comparable with the estimates of Wang et al. 
Similarly, the estimated system parameters based on 
EXOFAST modelling of the combined top 20 transit 
light curves are broadly consistent with to those of 
Wang et al. These represent the default parameter 
values listed in the NASA Exoplanet Archive and 
indicate that observations using MicroObservatory can 
be used to characterise exoplanet systems to a 
reasonable degree of accuracy. 
 As noted above, observations of transiting 
exoplanets by amateurs and other users of small (≤ 
1m) telescopes, can contribute to the maintenance of 
the ephemerides of targets for future space-based 
telescope missions that will investigate exoplanets.17,18 
Our updated ephemeris improves the predicted TC for 
Figure 7. Combined transit light curve and EXOFAST mod-
elled transit based on the observations of 20 transits of HAT-
P-32b. The X axis is essentially the phase offset so that the 
mid-transit occurs at 0.25.  
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Table 4 Median values and 68% confidence intervals for HAT-P-32 b system parameters  
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an observation of HAT-P-32b by a JWST mission 
in mid-2021 by 1.4 min compared with the 
discovery ephemeris and is ~8 times more precise. 
The prediction is slightly less accurate and 0.5 min 
earlier than that calculated using the ephemeris in 
the NASA Exoplanet Archive. Likewise, when we 
use our updated ephemeris for an observation of 
HAT-P-32b by the ARIEL mission in 2028, we 
find a TC that is 1.7 min later than that predicted 
using the discovery ephemeris and consistent with 
that obtained using the NASA Exoplanet Archive 
alone. Thus, our HAT-P-32b observations can be 
seen to significantly improve the original 
ephemeris of the system to a level consistent with 
recent studies using larger telescopes. Furthermore, 
we anticipate that observations using 
MicroObservatory and other small telescopes could 
be used to substantially refine the ephemerides of 
targets with larger uncertainties. 
 The current 30 exoplanet targets that are 
routinely observed by MicroObservatory throughout 
the year have V-band magnitudes in the range 10.3 to 
14.1 and depths of transit between 1.5 and 2.9 %. For 
2019, we find the annual utilisation of the 
MicroObservatory telescope Cecilia in observing these 
targets was ~77%. Since the telescope is dedicated to 
observing exoplanet transits, the spare observing 
capacity, equivalent to ~84 nights of observations per 
year, could be directed towards the observation of new 
targets that are within the capabilities of the telescope 
including some of those identified as being ideal for 
TTV measurements by small ground-based 
observatories.18 
 With a field of view of approximately 0.72 deg2, 
the HAT-P-32 images show over 400 discrete stars 
including the 13.9 V-magnitude δ Scuti variable star 
UCAC4 686-012519 (=ASASSN-V 
J020549.64+470040.9) which has been further 
characterised using the same observations as our 
study.46 This finding demonstrates the potential for 
MicroObservatory to observe stellar variability, whilst 
simultaneously observing transiting exoplanets for 
ephemeris maintenance.18 
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